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^-1110 

Concatenate The Boundary Symbol "#" On Both Sides Of The FST 



-1112 



Define A Minimal FST By Minimizing The FST Created AT Step 1 01 0 

_ . 



Define A Left-Unfolded FST In Which Any Two States Of 
The Minimal FST Have Equal Or Disjoint Prefix Paths 



-1116 



Define A Fully-Unfolded FST In Which Any Two States Of 
The Left-Unfolded FST Have Equal Or Disjoint Suffix Paths 



-1118 



j Identify Any Ambiguity Fields In The Fully-Unfolded FST | 

j s—11 20 
I Copy Into A First Preliminary Factor Arcs Outside Ambiguity Fields ] 



Represent In A Second Preliminary Factor Arcs Outside Ambiguity 

Fields As Arcs Looping On The Initial State; 
Label Those Arcs With The Output Symbol Of Their Original Arc 



Copy Into The First Preliminary Factor, Arcs Inside Ambiguity 
Fields With Their Original Location But With Modified Labels 
(with their common original input symbol cr-and 
a common intermediate symbol o - (as output)) 



Copy Into The Second Preliminary Factor, Arcs Inside Ambiguity 
Fields With Their Original Location But With Modified Labels 
(with this intermediate symbol <7 mid (as Input) and 
their different original output symbols a°- ) 

j ^—11 28 



Produce A Final First Factor (i.e., Unambiguous FST) By Replacing 

All Boundary Symbols, #, In The First Preliminary Factor with 
The Empty String s And By Minimizing The First Preliminary Factor 



-1130 



Produce A Final Second Factor (i.e., Fail-Safe FST) By Replacing 
All Boundary Symbols, #, In The Second Preliminary Factor with 
The Empty String s And By Minimizing The Second Preliminary Factor 



FIG. 19 
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■2110 



Determine An Emission Matrix <5 




^-2112 



Split The Emission Matrix 6 Into 
A Set Of Emission Sub-Matrices; 
The Set Including An Emission 
Sub-Matrix For Each Input Symbol 




Create A Factorization Sub-Matrix 
For Each Input Symbol For Each 

Corresponding Emission Sub-Matrix; 

Assign Equal Rows Of Each Emission 
Sub-Matrix An Identical Index In Its 
Corresponding Factorization Matrix 




■2116 



Construct A Left-Sequential FSTAnd 
A Right-Sequential FST That Are Based 
On The Factorization Sub-Matrices 



FIG. 39 
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Concatenate The Boundary Symbol # 
On The Right Side Of The Original FST 



Produce A Minimal FST By Minimizing 
The FST Produced At Step 2410 



-2414 



Extract The Input Side Of The Minimal FST 
And Determinize It From Left-To-Right 
To Create A Left-Deterministic Input FSA 



Copy Every State Of The Minimal FST As 
Many Times As It Occurs In Different State 
Sets Of The Left-Deterministic Input FST 
To Create An Aligned FST 



-2420 



Identify A Corresponding Sub-Path In The Minimal FST 
For Each Arc In The Left-Deterministic Input FSA 



Record Alterative Sub-Paths Of The Minimal FST 



Align All Sub-Paths Within One Set To 
Equal Length By Pre-Pending Arcs Labeled 
With Symbols Representing An Empty String 



Insert All Aligned Sub-Paths Into The Aligned FST 



Replace The Boundary Symbol # In The Aligned FST 
With A Symbol Representing An Empty String 



Minimize The Aligned FST 
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Factor The Aligned FST Into A Bi-Machine 



FIG. 42 
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FIG. 43 
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FIG. 46 
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FIG. 49 



2910 





Factor Unknown Symbol "?" In The Input FST Into Arc Label 
Sequences r?,^^ And DL ( .:s,?:a 0Uf l Ri . .Where A f . Is A Diacritic, 
a out is An Output Symbol, And d Is A Deterministic Empty String 






^-2912 




Copy The Arc Label Sequence f? , <5 To A Left-Sequential FST 






^-2914 


Copy The Arc Label Sequence \x,:e 


, ? : <5° ui ] RL To A Right-Sequential FST 



FIG. 50 
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FIG. 55 
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Concatenate The Boundary Symbol "#" On Both Sides Of The FST 
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Define A Minimal FST By Minimizing The FST Created At Step 3710 




^-3714 


Assign Each State A Set e, Of £-Loops, Each e-Loop 
In The Set Being Defined By A Set Of Arcs That All Start And End Atg, 






^-3716 




Assign A Diacritic ^,-To Each Sets, 




^-3717 




Copy The FST Defined At Step 3716 To Form 
The Basis Of A First Factor And A Second Factor 








^3718 


Build First Factor From The First Factor Defined At Step 3717 




^3720 


Build Second Factor From The Second Factor Defined At Step 3717 




^-3721 


Factoring The First Factor To Get A Functional FST And A Fail-Safe FST 



FIG. 58 
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^3722 



For every state g, with a non-empty setE, , insert an auxiliary state 
<7; aux and an auxiliary arc a/ aox that leads from <7,- aux to <7; 



-3724 



Label area/"" with so that it emits the diacritic \, when traversed 




^-3726 


Redirect all incoming arcs of every state g, to the corresponding 
auxiliary state g f au3f so that the diacritic is emitted before g, is reached 






^3728 




Temporarily replace the e on the input side of 
every arc of all £ - loops by a diacritic Q 





-3730 





Formulate a constraint c c to disallow all £-loops in all sets e„ 
by disallowing the corresponding C,j -sequences 










< 




^3732 


Compose the constraint onto the input side of the factor resulting from step 3728 




^3734 


Replace every remaining diacritic ^ in the factor resulting from step 3732 with ane 




f ^-3736 


Replace the boundary symbol,"#",in the factor resulting from ste 


p 3734 with an e 








^-3738 








Minimize the factor resulting from step 3736 







FIG. 59 
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^3740 

For every state q,with a non-empty set-E,-, create two 
auxiliary arcs, both labeled with the diacritic 

^ ^3742 

Set one of the two arcs created at step 3740 for each state q, 
to lead from the initial state of the FST to each state q/ 



^-3744 

Set the other of the two arcs created at step 3740 for each state 1, 
to lead from each state to the only final state of the FST 

^ ^3748 

Compose the factor from step 3744 (E 2 ') to remove all partial e loops as follows: 

s 2 " = (U(^))°s 2 ' 

j / ^3750~ ~ 

Compose the factor from step 3748 (s 2 ") to replace in any sequence of 
two identical diacritics , the first diacritic on the output side 
with s and the second 'diacritic £,,on the input and output sides 
with s preserving the set £,of £ loops in between, as follows: 

S^ = (?s:?)oH'X?:s?*?:s) 



^ ^3752 

Compose the factor from step 3750 (S 2 "') to map every remaining 
diacritic ^ to its corresponding set of e loops as follows: 

E 2 =ar°<37^-Lfe))* 



^3754 

Minimize the factor resulting from step 3752 



FIG. 60 
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FIG. 62 
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FIG. 65 
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■4410 



Receive a first factor (i.e., FST) and a second factor (i.e., FST) 




^-4412 


Identify Equivalence classes of diacritics 
in the input symbols of the second factor 
(i.e., input symbols with:(a) same source, (b) same destination 
(c) same output, and (d) same occurrence in the FST) 
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For each equivalence class, select a symbol from the 
equivalence class to be a representative symbol of it 








^-4416 





Replace on the output side of the first factor 
and on the input side of the second factor 
the occurrences of diacritics in each equivalence 
class with the selected representative symbol 



-4418 



Minimize the first factor and the second factor 



FIG. 66 
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-4910 



Group into sets those arcs of the input FST with the same 
source state, destination state, and input symbol 



Assign each arc set a set of alternative 
output symbols and a diacritic Yj 



Create a first factor E, by replacing the output symbol of every 
arc by the diacritic of the set that the arc belongs to 




■4916 



Minimize the resulting first factor 




-4918 



Create a second factor r 2 by mapping a diacritic y-, to any 
of the output symbols that correspond to the diacritic y r and by 
mapping of the ordinary symbols of the first factor n to itself 



FIG. 72 
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FIG. 75 
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